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Ru3(CO)12与锗卡宾LGeX (L = CH[C(Me)N-2,6-iPr2C6H3]2; X = Cl, C≡CPh, C≡CFc)
反应，通过改变反应物的比例以及反应温度，得到了一系列双锗卡宾配位的
Ru←Ge 配合物[LGeX]2Ru(CO)3 (X = Cl 2-4, C≡CPh 2-5, C≡CFc 2-6)，以及单锗卡
宾配位的化合物[LGeC≡CPh]Ru(CO)4 (2-7)。化合物 2-4 与 H2O 反应得到了化合
物[LGeOH]2RuCl2(CO)3 (2-8)，与 I2 反应得到了化合物[LGeCl]RuI2(CO)3 (2-9)。
化合物 2-4 与 LiHBEt3 反应得到了[LGeEt]Ru(CO)4 (2-10)。化合物 2-4 与
LiN(TMS)2 反 应 得 到 了 [L′Ge]2Ru(CO)3 (2-11, L′ = 
HC[C(Me)N-2,6-iPr2C6H3Ar][C(CH2)N-2,6-iPr2C6H3])。化合物 2-11 中 Ge 具有较
强的亲电性，能够很容易地与 H2O 作用，生成化合物[LGeOH]Ru(CO)4 (2-12)。 
第三章是 Ru-Ge 单键双金属配合物的合成及其反应性研究。RuCl2(PPh3)3、
RuHCl(PPh3)3 与 RGeCl (R = 2,6-Trip2C6H3; Trip = 2,4,6-iPr3C6H2)反应，分别得到





-Trip) (3-2)。化合物 3-1 与 PMe3 的反应得到了 PMe3
取代 PPh3 与 Ru 配位的产物(PMe3)ClRuGeCl2(Trip)C6H3(ƞ
6
-Trip) (3-3)，而与
DMSO 的反应在 CuCl 辅助下得到了 DMSO 取代 PPh3 与 Ru 配位的产物
(DMSO)ClRuGeCl2(Trip)C6H3(ƞ
6
















取代 Cl 与 Ge 成键的氢化产物(PPh3)HRuGe(OH)2(Trip)C6H3(ƞ
6
-Trip) (3-8)。化合
物 3-2 与 EtMgBr 反应先后得到了 Br 取代 Cl 与 Ge 成键的产物
(PPh3)HRuGeBr2(Trip)C6H3(ƞ
6
-Trip) (3-6)，以及 Et 取代 Br 与 Ge 成键的产物
(PPh3)HRuGeEt2(Trip)C6H3(ƞ
6















-Trip) (4-2)以及结构新颖的 Ge-C 偶联的产物
(PPh2C6H4)HOsGeCl(Trip)C6H3(ƞ
6
-Trip) (4-3)。化合物 4-3 中，PPh3 上的苯环与
Ge 发生了偶联环化，其生成过程可能包含锇的锗卡宾中间体的 Os=Ge 对苯环的
C-H 键插入。化合物 4-2 与 EtMgBr 反应先后得到了 Br 取代的产物
(PPh3)HRuGeBr2(Trip)C6H3(ƞ
6
-Trip) (4-5) 和 Et 取 代 的 产 物
(PPh3)HRuGeEt2(Trip)C6H3(ƞ
6

























Heterobimetallic transition metal-germanium complexes, including transition 
metal germyl, germylene and germylyne complexes which formally possess a 
metal-germanium single, double and triple bond, respectively, are the group 14 heavy 
congers of the well-studied corresponding transition metal alkyl, carbene, and carbyne 
complexes. This family of complexes has attracted considerable fundamental interest 
on structure, bonding and reactivity especially given the curiosities of such complexes, 
which are expected to exhibit new and interesting reactivity patterns. Impressive 
progress has been made in the past decades on the chemistry of early transition 
metal-germanium complexes. However, the parallel research along this line for late 
transition metal is still much less developed. In this dissertation, we have studied the 
reactions of ruthenium and osmium complexes with the three-coordinate germylene 
LGeX (L = CH[C(Me)N-2,6-iPr2C6H3]2; X = Cl, CCPh, CCFc) and the 
two-coordinate germylene RGeCl (R = 2,6-Trip2C6H3; Trip = 2,4,6-iPr3C6H2), 
respectively. A series of ruthenium germyleme complexes featuring the germylenes as 
donor ligands as well as the bimetallic complexes with M-Ge (M = Ru, Os) 
single-bond have been successfully synthesized and their reactivity were also 
investigated. This disertation consists of the following five parts. 
In chapter 1, the research progress on the transition metal germyl, germylene and 
germylyne complexes including the synthetic methods and the reactivity studies are 
briefly reviewed. Furthermore, the research objectives of this dissertation are also 
presented. 
 In chapter 2, synthesis and reactivity studies of a series of Ru←Ge type carbonyl 
ruthenium germylene compounds are described. Reactions of LGeX (L = 
HC[C(Me)N-2,6-iPr2C6H3]2; X = Cl, C≡CPh, C≡CFc) with Ru3(CO)12 in a molar ratio 
of 6:1 led to the Ge2Ru bis-germylene ruthenium compounds [L(Cl)Ge]2Ru(CO)3 
(2-4), [L(PhC≡C)Ge]2Ru(CO)3 (2-5) and [L(FcC≡C)Ge]2Ru(CO)3 (2-6), while the 
GeRu mono-germylene ruthenium compound [L(PhC≡C)Ge]Ru(CO)4 (2-7) was 
















ratio. Treatment of of 2-4 with H2O and I2 afforded [LGeOH]2RuCl2(CO)3 (2-8) and 
[LGeCl]RuI2(CO)3 (2-9), respectively. Reaction of 2-4 with LiHBEt3 occurred by an 
unusual Cl/Et meathesis to give the ethylated compound [LGeEt]Ru(CO)4 (2-10). The 
reaction of 2-4 with LiN(SiMe3)2, however, resulted in the base-assisted 
dehydrochlorination involving one methyl group on each L ligand backbone and the 
Cl at the Ge center to give [L′Ge]2Ru(CO)3 (2-11, L′ = 
HC[C(Me)N-2,6-iPr2C6H3Ar][C(CH2)N-2,6-iPr2C6H3]). Further reaction of 2-11 with 
stoichiometric H2O produced [LGeOH]Ru(CO)4 (2-12) via a 1,4-dipolar addition 
across the L′Ge. 
 In chapter 3, synthesis and reactivity of the Ru-Ge single-bonded bimetallic 
compounds are decribed. Reactions of RGeCl  (R = 2,6-Trip2C6H3; Trip = 
2,4,6-iPr3C6H2) with RuCl2(PPh3)3 and RuHCl(PPh3)3 produced 
(PPh3)ClRuGeCl2(Trip)C6H3(ƞ
6
-Trip) (3-1) and (PPh3)HRuGeCl2(Trip)C6H3(ƞ
6
-Trip) 
(3-2), respectively. Phosphine ligand substitution reactions of 3-1 with PMe3 or 
DMSO gave (PMe3)ClRuGeCl2(Trip)C6H3(ƞ
6
-Trip) (3-3) and 
(DMSO)ClRuGeCl2(Trip)C6H3(ƞ
6
-Trip) (3-4), respectively. Treatment of 3-1 with 
Na/C10H8 afforded (PPh3)HRuGe(OH)2(Trip)C6H3(ƞ
6
-Trip) (3-8). Reaction of 3-2 
with LiHBEt3 yielded the ethylated product (PPh3)HRuGeEt2(Trip)C6H3(ƞ
6
-Trip) 
(3-5), which treatment of EtMgBr at RT produced the bromide complex 
(PPh3)HRuGeBr2(Trip)C6H3(ƞ
6
-Trip) (3-6) first, which could be eventually converted 
to the ethylated product 3-5 after further reacted with EtMgBr under heating condition. 
Similarly, reaction of 3-2 with PhCH2MgCl afforded the corresponding benzylated 
product (PPh3)HRuGe(CH2Ph)2(Trip)C6H3(ƞ
6
-Trip) (3-7). Treatment of 3-2 with 
HBF4 produced the dihydride ruthenium complex 
[(PPh3)(H)2RuGeCl2(Trip)C6H3(ƞ
6
-Trip)]BF4 (3-9), which could be readily 
deprotonated in the presence of H2O to afford 3-2 again. 
 In chapter 4, synthesis and reactivity of the Os-Ge single-bonded bimetallic 
compounds are described. Reactions of RGeCl  (R = 2,6-Trip2C6H3; Trip = 
2,4,6-iPr3C6H2) with OsCl2(PPh3)3 or OsHCl(PPh3)3 produced the Os-Ge single-bond 
compounds (PPh3)ClOsGeCl2(Trip)C6H3(ƞ
6


















-Trip) (4-2), as well as the novel Ge-C coupling 
compound (PPh2C6H4)HOsGeCl(Trip)C6H3(ƞ
6
-Trip) (4-3), respectively. The 
formation 4-3 presumably involved insertion of phenyl C-H into the osmium 
germylene, which is similar to the carbene C-H insertion. Again, as was the case in 
the reactions for the Ru-Ge compounds 3-2, treatment of 4-2 with EtMgBr, depending 





-Trip) (4-5), successively. Reaction of 4-2 with 
HBF4 yielded the dihydride osmium [(PPh3)(H)2OsGeCl2(Trip)C6H3(ƞ
6
-Trip)]BF4 
(4-6), which can be readily deprotonated by H2O to give 4-2. 
In chapter 5, the research work of dissertation is summarized and the prospect of 
this research is presented. 
 



































而有亲电性，这类卡宾也可被看成 2e 给体的 L 型配体，配合物中金属氧化态较











-碳化合物类似，过渡金属-锗配合物大致分为 M-Ge 单键配合物、M=Ge 双键配





























1.2.1.1 前过渡金属 M-Ge (M = Cr, Mo, W)单键化合物 
1966 年，W. A. G. Graham 课题组报道了首例包含过渡金属和主族金属锗的双
金属配合物[13] (Scheme 1.1)。将 C5H5Mo(CO)3Na 与 Ph3GeCl 反应，脱去一分子




1997 年，A. C. Filippou 课题组报道了基于 Cp或者 Cp*稳定的 M-Ge (M = Mo, 
W)单键化合物的合成[14] (Scheme 1.2)。以 Cp 稳定的低价前过渡金属配合物





dioxane 反应，制得 GeCl2 插入至 M-Cl 键中的产物 C5R5MGeCl3(CO)3 (M = 
Mo, R = H 1-2; M = W, R = Me 1-3a, H 1-3b)。而改变金属配合物前体，用 CNEt
取代 CO，也能够实现这一过程，制得 C5R5WGeCl3(CO)2(CNEt) (R = Me 1-5a, H 
1-5b) 。 另 外 ， Cp*W(CO)3Na 与 GeCl4 通 过 成 盐 反 应 ， 制 得 产 物
















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
